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Abstract 
Nanotechnology has developed by leaps and bounds due to potential high impacts of its application in the world today. 
Nanotechnology has many potential benefits including energy savings, alternative energy supplies, efficient use of raw materials, 
environmental protection, agriculture applications and medical breakthroughs. All of these applications are related to 
engineering. Thus, it is important that nanotechnology be taught during undergraduate for engineering students to prepare then in 
career related to nanotechnology. In this paper, a comparative study of the nanotechnology course contents from several 
universities in the world is made. Courses on nanotechnology in undergraduate level for engineering are typically taught either as 
a common course or junior/senior level elective course. The common course of nanotechnology in engineering requires the entire 
engineering student to take this course for the understanding of the fundamental and introduction to nanotechnology, where the 
pre-requisite courses are pre-university Physics, Chemistry or Biology. For the 3rd/4th year level elective courses, students 
typically choose the elective course of nanotechnology with the requirement of some pre-requisite subjects. Comparison between 
Malaysian universities and other universities in USA, UK, Singapore and Australia shows that engineering curriculum within 
Malaysian universities are lagging behind in terms of offering nanotechnology exposure through courses at the undergraduate 
level.  
© 2011 Published by Elsevier Ltd. Selection and/or peer reviewed under responsibility of the UKM Teaching and Learning 
Congress 2011. 
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1. Introduction 
Nanotechnology is a field of applied science concerned with the control of matter at dimensions of roughly 1 to 
100 nanometers (nm). Besides, it involves manipulating and controlling individual atoms and molecules to design 
and create new materials, nano-machines and nano-devices for application (Uddin & Chowdhury, 2001). It has been 
estimated that the market for nanotechnology incorporated in manufactured goods will be worth US$ 1.6 Trillion in 
2013. Engineers will play a very important role in the nanotechnology-based industry. Nanotechnology has the 
potential in construction by creating a high strength composite. Besides, lighter and stronger materials will be used 
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by aircraft manufacturers, leading to increase in performance because nanotechnology helps to reduce the size of 
equipment and hence decrease fuel-consumption. At the same time, engineers can use also use nanotechnology to 
create a devices/electronics that may reduce the energy consumption and increase the efficiency of energy 
production for example the production of displays with low energy consumption could be accomplished by using 
carbon nano-tubes (en.wikipedia.org). 
Thus engineering curriculum in Malaysia should also provide the necessary courses/electives in nanotechnology 
in order for the students to have some knowledge when they start their career as engineers. Through such courses 
and exposure as early as possible during the undergraduate study, it is hoped that undergraduate can benefit from the 
study of nanotechnology and aspire to do further research in this area. At the particle size of 1 to 100nm, nanoscale 
materials may have different molecular organizations and properties compared to the same chemical substance in a 
larger size. These unique properties enable nanotechnology to be used to optimize a variety of product, including 
electronics, computer, biotechnology, textiles, paintings and coatings, pharmaceuticals, and personal care products. 
Besides, these unique properties mean that nanoscale materials can behave differently in the human body and the 
environment than the corresponding macro-scale materials (Sellers et al. 2009). 
A huge amount of money has been invested in nanotechnology in developed country due to the potential of 
nanotechnology in creating new materials. Researches in nanotechnology require fundamental changes to the 
traditional practices of design, analysis, and manufacturing for a wide range of engineering products. Therefore, this 
impact creates a challenge for the academic community to educate engineering students with necessary knowledge, 
understanding, and skills to interact in the world of nanotechnology (Ozel & Ozel, 2008). 
In this paper, we would like to compare the existing nanotechnology courses offered to engineering students all 
over the world and then to offer a methodology to integrate nanotechnology into the mainstream undergraduate 
engineering curriculum in Malaysia. The data were obtained from various curriculums in universities in Malaysia 
and other developed countries such as USA, UK, Australia and Singapore. Comparison and discussion is made in 
terms of the subject matters offered in nanotechnology courses offered at the undergraduate level. 
2. Impact of nanotechnology in different industries 
There are many applications of nanotechnology that can be used in various kinds of industries which show the 
importance of introducing nanotechnology during undergraduate study. 
In electrical and electronics industry, computer chips, CD and DVD drives are already operating at nanoscales, 
and nanoscience and nanotechnologies will continue to play the vital role in the progressive miniaturization of 
computer chips and the improvement of data storage. For example, plastic electronic devices, using conducting 
polymers for data storage and transfer, are cheaper to manufacture than Si-based devices, and will be particularly 
suitable for inexpensive applications like smart cards, where speed and high memory capacity are less critical. It 
could also enable advances such as roll-up TV screens. Besides, nanotechnology is also enabling the development of 
smaller, cheaper sensors, which will lead to broad range of applications from monitoring the pollution in the 
environment, the freshness of food, or the stresses in a building and vehicle. Therefore consumers are expected to 
benefit from the implementation of nanotechnology because they are using cheaper, more storage and high speed of 
devices. In quantum dots, semiconductor nanoparticles can be used to emit or absorb particular colors of light for 
use in solar energy or fluorescent biological label (Dowling, 2004). 
Carbon nanotubes can be made up to several centimeters long which allow them to have unique properties for 
example to become as stiff as diamond and also to conduct electricity. Many applications are imagined in reinforced 
composites, sensors, nanoelectronics, and display devices. But it is still difficult to guarantee specific dimensions 
and physical properties and to separate the tubes from the tangles in which they emerge from the production process 
(Dowling, 2004). 
Besides, nanotechnology is also important in solving health issues. Nanotechnology applications may have a 
positive impact on many aspects of human everyday life, for example by providing means for the production of 
clean energy and pure drinking water (Savolainen et al. 2010). Thus, we may have cleaner and more hygiene 
drinking water to ensure a healthier life. 
Nanotechnology not only has the potential to offer improvements for immunisation, drug design and delivery, 
diagnostics and cross-infection control, but is also unexpectedly delivering many modern tools and capabilities such 
as to be used as novel adjuvants and the use of nanoemulsions as colloidal vaccine carriers are being explored in the 
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field of immunisation (Allaker & Ren, 2008). Besides, nanotechnology can be used in individualized therapy. The 
role of nanotechnology is to support access to previously inaccessible data as related to ‘-omic’ technology 
components with unparalleled efficiency and resolution and enable innovative therapeutic modalities that leverage 
the validated systems biology outputs for exquisitely specific individualized therapy (Sakamoto et al. 2010). 
Applications of nanotechnologies in medicine are especially promising in the longer term. These can be expected 
to let drug delivery targeted at specific sites in the body. Nanotechnology is hoped to lead to stronger, longer-lasting 
implants; sensors that can be used to monitor aspects of human health; and improved artificial cochleae and retinas. 
Antimicrobial wound dressing are already on the market in the USA. Use of nanocrystalline Ag to provide a steady 
dose of ionic Ag to protect against secondary infections are claimed to be effective against 150 different pathogens 
(Dowling, 2004). Therefore, more illness can be tracked and cured with the aid of nanotechnology. 
In manufacturing industry, an interesting aspect of the current decade for nanotechnologies is a convergence 
between the two approaches to creating nanostructures, particles, and systems. Nowadays, top-down manufacturing 
and bottom-up manufacturing can be used to control product dimensions of a similar order, which opens up exciting 
new possibilities in hybrid manufacturing. However, the significant challenges in scaling-up production from the 
laboratory to mass manufacturing should not be underestimated. In the longer term, it is expected that 
nanotechnologies will provide more efficient approaches to manufacturing by using less raw materials and energy 
(Dowling, 2004). In the future the energy consumption will be reduced and we may get smaller devices which are 
expected to be more convenience to use. 
3. Educational outcomes expected from nanotechnology courses 
In order to prepare graduates to be able to contribute to the nanotechnology field, Uddin and Chowdhury (2001) 
has described the following educational outcomes that should be expected of a nanotechnology course: 
x Provide understanding, characterization and measurements of nanostructure properties 
x Provide ability for synthesis, processing and manufacturing of nanocomponents and nanosystems 
x Provide ability for design, analysis and simulation of nanostructures and nanodevices 
x Prepare students to conduct research and development of economically feasible and innovative applications 
 of nanodevices in all spheres of our daily life. 
4. Elements of nanotechnology education in engineering curriculum worldwide 
It is expected that many of the potential applications of nanotechnology can be economically exploited if the 
discovery in basic research such as ‘Nano-effect’ and the corresponding new properties of nanomaterials and nano-
structures are converted into industrial products. Therefore, the current challenge that is faced by engineers is how to 
create a new, or even more fascinating possibilities for new products and markets. Many universities have started to 
provide exposure to the engineering undergraduates through a common course on ‘Fundamental of Nanotechnology’ 
(National Nanotechnology Institute, 2011). Subsequently, elective courses on nanotechnology are offered to expose 
students to further in-depth study on nanotechnology. Table 1 shows a typical course scopes for the course of 
Fundamental of Nanotechnology. This introductory course requires as a pre-requisite only pre-university biology, 
chemistry or physics and thus can be offered in year 1 or 2 within a 4-year curriculum. 
For more detail knowledge and exposure to nanotechnology, many universities have offered electives courses in 
year 3 or 4 that go into more detail specialization in nanotechnology. These courses are offered through the main 
stream of engineering fields – chemical, mechanical, electrical and electronic and even civil engineering. Table 2 
shows the list of such courses offered by many universities in US, UK, Australia, Canada,  China and Singapore.  
Table 3 shows the common and advanced/elective courses in Nanotechnology Engineering offered by university 
from US, UK, Australia and Singapore. It is to be noted as well that some of these electives did not require any basic 
nanotechnology courses as pre-requisite and thus can be taken by students who would like to be exposed to 
nanotechnology in their third or final year of studies. 
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Table 1. Course Outline for Fundamental of Nanotechnology 
Course Outline for Fundamental of Nanotechnology 
Title/Scope Description 
Introduction to Nanotechnology -What is nanotechnology 
-The scale of things natural and man-made 
-Nanotechnology applications/products 
-Possible future applications of nanotechnology 
-The impact that nanotechnology will have on society 
Nanostructure of the universe -From subatomic physics to chemical systems 
-Atomic and electronic structure (review) 
-Types of chemical bonds and bonding 
-Periodic table/chemical properties 
Unique Properties of Nanostructured 
Materials 
-The surface area of nanoparticles vs micron-sized particles 
-Quantum mechanics/quantum computing 
-The electronic structure of nanoparticles vs micron-sized 
particles 
Overview of Characterization Methods -Material characterization techniques 
Manufacturing Methods for Nanomaterials -Top-Down processing methods 
-Nanoparticle and nanofiber creation 
-Nanotubes/fullerene production 
-Bottom-Up processing methods 
Specific examples of nanotechnology -Devices 
Social and ethical issues in nanotechnology -Potential and rate of dispersal or agglomeration in 
environmental media 
-Potential and rate of interactions with environmental 
constituents 
-Rate and form that a nanomaterial will be presented to an 
environmental receptor of concern 
409 Abdul Wahab Mohammad et al. /  Procedia - Social and Behavioral Sciences  60 ( 2012 )  405 – 412 
Table 2. Elective courses of Nanotechnology in undergraduate study that offered by several universities in US, UK, Australia, Canada,  China 
and Singapore 
Elective courses of nanotechnology offered by main branches of engineering 
Stream Elective Courses 
Chemical Engineering x Micro/Nano Processing Technology(MIT) 
x Nanotechnology in chemical engineering(Xiamen University) 
x Surface Science in catalysis & Nanotechnology(NTU) 
x Catalysts & Nano-support Materials(NTU) 
x Nanotechnology and materials 1&2(Monash, Aus) 
x Nanostructure of materials(Monash, Aus) 
x Nanomaterials & characterization(Queenland University, Aus) 
x Introduction to Nano/Microfabrication(Princeton) 
x Foundations of Nanotechnology(Michigan University) 
x Nanoscale systems biology (Pennsylvania University) 
x Introduction to Nanotechnology (Pennsylvania University) 
Mechanical Engineering x Nano & Microsystem technology(Yale University) 
x Advanced Topics in nanotechnology(Boston University) 
x Micro/nano solid & fluid mechanics(Monash, Aus) 
x Introduction to Nano/Microfabrication(Princeton) 
x Mechanical properties of Macro/Nanoscale Materials (Penn. University) 
x Nanomechanics and Nanotribology at Interfaces (Penn. University) 
x Micro/Nanoscale Energy Transport (Penn. University) 
x Micro and Nano fluidics (Penn. University) 
Electrical and Electronic 
Engineering 
x Nano device engineering(NUS) 
x Nanometer Scale Information Storage(NUS) 
x Nanophotonics(NUS) 
x Fundamentals of Nanomaterials & Nanotechnology(Boston University) 
x Design with Nanotechnologies(Princeton) 
x Micro-Electro and Mechanical systems(MEMS) (UC Berkeley) 
x Nanoscale Science & Engineering (Penn. University) 
x Introduction Science to MEMS/NEMS (Pennsylvania University) 
x Microelectronics and Nanofabrication (Leeds University) 
x Micro- and Nano-Electromechanical Systems (Leeds University) 
Civil Engineering x Environmental Applications of Nanotechnology (University Of Western 
Ontario) 
x Environmental Nanoscience (Duke U) 
410   Abdul Wahab Mohammad et al. /  Procedia - Social and Behavioral Sciences  60 ( 2012 )  405 – 412 
Table 3. Common and advanced/elective courses in Nanotechnology Engineering offered by university from US, UK, Australia and 
Singapore 
Foreign University Common Advanced/Elective 
MIT, USA N/A x Micro/Nano Processing Technology in Chemical Eng. 
Princeton University, USA N/A x Introduction to Nano/Microfabrication in Chemical Eng. 
and Mechanical Eng. 
x Design with Nanotechnologies in EE 
University of California San 
Diego, USA 
Introduction to 
Nanoengineering 
x Undergraduate degree in nanoengineering 
Duke University N/A x Environmental Nanoscience in Civil Eng. 
Pennsylvania University N/A x Introduction to Nanotechnology in Chemical Eng. 
x Nanometer scale science & Engineering in Chemical Eng. 
x Micro and Nano fluidics in Chemical Eng. 
x Nanomechanics and Nanotribology at Interfaces in 
Mechanical Eng. 
Foothill College, USA Introduction to 
Nanotechnology 
x Applications of Nanotechnology 
x Nanostructures and Nanomaterials 
x Nanocharacterization 
x Nanofabrications Techniques 
University of Leeds, UK N/A x Microelectronics and Nanofabrication in EE 
x Micro- and Nano-Electromechanical Systems in EE 
Swansea University N/A x Nano-Electronics
x Nano-Materials 
Monash University, Australia N/A x Nanotechnology and materials 1&2 in Chemical Eng. 
x Nanostructure of materials in Chemical Eng. 
x Micro/nano solid & fluid mechanics in Mechanical Eng. 
Queenland University, 
Australia 
N/A x Nanomaterials & characterization in Chemical Eng. 
University of Flinders, 
Australia 
Fundamentals of 
Nanotechnology 
N/A
National University of 
Singapore, Singapore 
N/A x Nano device engineering in EE 
x Nanometer Scale Information Storage in EE 
x Nanophotonics in EE 
Nanyang Technological 
University, Singapore 
N/A x Surface Science in catalysis & Nanotechnology in 
Chemical Eng. 
x Catalysts & Nano-support Materials in Chemical Eng. 
5. Comparison between Malaysian Universities and International Universities  
Table 4 shows the status of courses in nanotechnology offered by top Malaysian public universities and well-
known private universities in Malaysia. Based on the list of courses listed in the department’s websites, it can be 
seen that most major Malaysian universities have not yet offered any nanotechnology-related courses to the 
undergraduate students. Only Multimedia University and Monash University offer a few courses on 
nanotechnology. 
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Table 4. Common and advanced/elective courses in Nanotechnology Engineering offered by Malaysia University 
Malaysia University Common Advanced/Elective 
Universiti Kebangsaan Malaysia, 
Universiti Malaya, Universiti Putra 
Malaysia, Universiti Sains 
Malaysia, Universiti Teknologi 
Malaysia 
N/A N/A 
Multimedia University N/A x Nanoscience 
x Nano/Micro Electro-mechanical System 
x Advanced fabrication technology 
x Nanoelectronic Materials and Devices 
x Diagnostic technology 
x Semiconductor Devices 
x Solid State Electronics 
 (Electronics majoring in Nanotechnology) 
Monash University, Sunway 
Campus
N/A x Nanotechnology and materials 1&2 in Chemical Eng. 
x Nanostructure of materials in Chemical Eng. 
x Micro/nano solid & fluid mechanics in Mechnical 
Eng.
The University of Nottingham, 
Malaysia Campus 
N/A N/A
6. Recommendations and Strategies Ahead 
Nanotechnology should be taught by creating both knowledge-centered and learning centered environments 
inside and outside the classroom. Nanotechnology is a very fast developing technology that requires a lot of creative 
ideas besides the understanding of its concepts. In addition, activities that encourage creative and critical thinking 
should be given the highest priority throughout the learning process. Besides, it should become an interdisciplinary 
curriculum that covers a broad understanding of basic sciences relating with engineering sciences and information 
sciences pertinent to nanotechnology is essential (Uddin and Chowdhury, 2001). 
In view of the importance of nanotechnology for the future, it is very important that the engineering faculties in 
Malaysian universities undertake the effort to introduce the concept of nanotechnology in the curriculum in order to 
keep pace with this powerful technology. This could be in the form of introductory course or an elective in 3rd or 4th
year studies. Furthermore, each engineering program should also review the curriculum content to ensure that 
elements of nanotechnology being introduce specifically for the purpose of exposing each undergraduate students to 
the concept of nanotechnology within each engineering specialization. Lecturers should also be re-trained in this 
area and capable to use the nanotechnology approach in their research work.  
7. Conclusions 
Since nanotechnology is going to play important role in socio-economic development in the future, efforts have 
to be done in producing educated, qualified and well-trained manpower that can fulfill the needs of the industry in 
the future. Therefore it is essential to introduce the course of nanotechnology to engineering student during their 
undergraduate study. Nanotechnology should be integrated into mainstream undergraduate engineering curriculum. 
After this course, undergraduate student will be able to design, analyze and synthesize or manufacture nanosystems, 
nano-components and nano-devices that may contribute to the technology development and also our society.  
412   Abdul Wahab Mohammad et al. /  Procedia - Social and Behavioral Sciences  60 ( 2012 )  405 – 412 
Acknowledgment 
We would like to thank UKM for providing the research grant (UKM-OUP-NBT-28-131/2011). 
References 
Allaker, R.P. & Ren, G. (2008). Potential impact of nanotechnology on the control of infectious diseases. Transactions of the Royal Society of 
Tropical Medicine and Hygiene, 102, 1-2. 
Bouwmeester, H., Dekkers, S., Noordam, M.Y., Hagens, W.I., Bulder, A.S., Heer, C.D., Voorde, S.E.C.G.T., Wijnhoven, S.W.P., Marvin, H.J.P. 
& Sips, A.J.A.M. (2009). Review of health safety aspects of nanotechnologies in food production. Regulatory Toxicology and 
Pharmacology, 53, 52-62.
Dowling, A.P. (2004). Development of  Nanotechnologies. Nanotoday, Elsevier Ltd, 30-35 
http://en.wikipedia.org/wiki/List_of_nanotechnology_applications, September, 2011 
National Nanotechnology Institute, (http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=13656), September 2011 
Ozel, S. & Ozel, Y. (2008).Nanotechnology in education and general framework of Nanomanufacturing. International Journal of  Education and 
Information Technologies, 2(2), 113-120. 
Sakamoto, J.H., Ven, A.L.V.D., Godin, B., Blanco, E., Serda, R.E., Grattoni, A., Ziemys, A., Bouamrani, A., Hu, T., Ranganathan, S.I., Rosa, 
E.D., Martinez, J. O., Smid, C.A.,d, Buchanan, R.M., Lee, S.Y., Srinivasan, S., Landry, M., Meyn, A., Tasciotti, E., Liu, X., Decuzzi, P. & 
Ferrari, M. (2010). Enabling individualized therapy through nanotechnology. Pharmacological Research, 62, 57-89 
Savolainen, K., Pylkkanen, L., Norppa, H., Falck, G., Lindberg, H., Tuomi, T., Vippola, M., Alenius, H., Hameri, K., Koivisto, J., Brouwer, D., 
Mark, D., Bard, D., Berges, M., Jankowska, E., Posniak, M., Farmer, P., Singh, R., Krombach, F., Bihari, P., Kasper, G. &Seipenbusch, M. 
(2010). Nanotechnologies, engineered nanomaterials and occupational health and safety – A review. Safety Science, 48, 957-963. 
Sellers, K., Mackay, C., Bergeson, L.L., Clough, S.R., Hoyt, M., Chen, J., Henry, K. & Hamblen, J. (2009). Nanotechnology and the 
Environment. Taylor & Francis Group: CRC Press, (Chapter 1 & 2) 
Uddin, M. & Chowdhury A. R. (2001). Integration of Nanotechnology into the Undergraduate Engineering Curriculum. International Conference 
on Engineering Education, Session 8B2-9, 6-9. 
